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LANGUAGE ACQUISITION AS A BYPRODUCT OF SCIENCE EDUCATION

1.0 Introduction

Science education research studies over the past ten years have con-
sistently indicated that young children's participation in science activities

has a positive effect on language skills both oral language and reading

readiness. Rowe (1968, 1970) found inner city first graders produced 200

percent more spontaneous language during science acfivities than during so-
called language arts instruction. Newman (1970) and Kellogg (1971)found in
separate studies that primary grade children given science instruction
sco.~2d significantly better on reading readiness tests than control
groups. Huff and Languis (1973) report an increase in oral communication
skills for kKindergartners given science instruction, Bethel (1973) found a
positive effect of science experiences on oral communication and classifi-
cation skills for third grade children. In all cases, science experiences
were based on an inquiry-approach corcerned with p;ocesses such as obser-
vation, classification, measurement, inferring, and prediction. With the
contribution of science irstruction to the development of language skills
well documented in research studies with young children, various instruct-
ional programs have been established utiiizing science experiences as the
approach to facilitating language acquisition. Amcng these are the All
Indian Pueblo Council-Lawrence Hall of Sc‘ence Projeci under the direction
of Herbert Thier (1975) and the Hillsborough County Public Schools (1974).
Of the research studies investigating the effects of science educa-
tion on language development, none have specifically isolated the abiiity
to form hypotheses as a critical component in the inquiry app-oach to
sc*rnce education and its relationship to the development of language.

Fur' ormore, in examining science education and language developement
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relationships, researchers have focused on young children in the first
years of schoo]ing: Within a Piagetian framework of cognitive develop. -
ment one may assume the.subjects of these studies are generally within
the pre-operational or operational stages.

The purpose of this paper is to examine the relationship between
science instruction and language development for the older child, specif-
cally }l-year-old sixth graders who, according to Piaget‘s schema, may be
candidates for a transitional stage between operational and formal thought,
Rather than examining the range of processes involved in science activities,
focus here }s placed on the role of hypothesis formation as a central
process in the solution of science problems and in the development of
ianguage.

The framework for studying the ability of children to form hypotheses
is set forth in a study by Quinn (1971,1975), which evaluated a methed for
teaching hypothesis formation to sixth grade children in two different
socio~economic settings. Under the conditions described in that study,
Quinn concluded that hypothesis formation cin be taught, that the quality
of the ‘hypotheses elicited can be measured,.that the ability to hypothe-
size s correlated with IQ, cverall grade point average, reading ability,
and sex of the student. Evidence from Quinn's study refutes the positicn
that hypotheses formation is intuitive and cannot be taught.

Quinn tested the research hypothesis that there is é difference be-
tween the quality of hypotheses formulated by students who received in-
‘struction in formulating hypotheses and those who did not. Through a
twe-by-two Tactorial design to compare control and treatment, groups,
statistical resuits from an analysis of coveriance demonstrated that

treatmerit vwas effecti .2 at the‘0.001 level of significance. In other
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words, sixth grade students involved in the study did improve in their
ability to hypothesize. They had developed a cognitive skill considered
central to the learning of science.

Following the theory current in developmental psycholinguistics
that language acquisition results from processes utilizing hypothesis
formation and testing to construct an internalized set of rules or grammar
of the language, we .hypothesize that children spec1f;ca11y taught to imorove
the quality of their hypotheses fozmglated_1n a science class zillmgiyg__b_”ﬂhg
evidence of progressing to more sopﬁ?éticated levels of lgﬁgu;ge develop-
ment. Furthermore, we hypothesize this development will bé observable
in sixth grade children since research studies indicate that children of
this age have not yet acquired all of the rules of tﬁe adult grammar.

Chomsky (1969) in a study of monolingual English-Spéaking children found
that children at age 10 have not developed some of:the more complex
structures of English. Kessler (1971) working with bilingual children
found that the upper limits of language acquisition had not taken place

in the 9 year olds in her sample. The upper limits of the age at which the
adult grammar is fully encoded have not yet been empirically determined.
One may, therefore, assume that sixth grader; are still developmental in
language acquisition.

Edmonds (1976) argues that a satisfactory account of language acqui-
sition will not emerge until this process is examined within a larger develop-
mental perspective. We believe that the ability to formulate hypotheses
in a science experience can give insights into that wider perspective of
cognitive development which crosses all areas of intellectual development.

Among studies that have examined relationships between language develop-

ment and cognitive development, Tremaine (1975) found that the comprehension
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4
of syntactic structures in bilingual children is closely correlated with
the development of Piagetian intelligence. Ingram (1975) studying children
between ages 3 and 12 found that the child's linguistic development as shown
in the ability to take into account relationships between sentences is
directly analogous to his cognitive development. Also from a Piagetian
perspect1vé, studies by Ferreiro and Sinclair (1971) illustrate that the
child's ability to perform certaih linguistic operations is closely re-
lated to.cognitive developement.

we believe that the ability to formulate hypotheses in a science

experience can give insights into the wider perspective of cognitive develop-
ment and its relationship to lénguage acquisition. We hypothesize, then

that children who give.evidence of improvement in the ability to formulate
scientific hypothesies will concurrently demonstrate more development in

the syntactic complexity of the language used to express those hypotheses.

In other words, children taught to form hypotheses will, as a byproduct of
that instruction give evidence of higher levels of language development.

In addition, we hypothesize this is a universal relationship, operating
independently of socio-economic variables. In summary, our research
hypotheses are: |

1) The level of syntactic complexity of hypotheses formulated by a
treatment group given science-based experiences is of a higher
order complexity that those formulated by a control group.

2) A positive correlation exists between the quality of scientific
hypotheses scores and the syntactic complexity scores for the
written language used to express the hypotheses.

3) Positive correlation between the quality of hypotheses formulated

and the level of syntactic complexity in the language of those
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hypotheses will be maintained regardless of socio-economic
variables.
This study also investigates possible correlation between both the
hypotheses quality scores and syntactic complexity scores with: (1) 1Q as

measured by Otis Quick-Scoring Mental Ability Test, Beta, Form FM; (2)

reading scores as measured by Part III of the Pupil Progress Series,

Diagnostic Reading Test; (3) overall grade-point averages.

. -

. 2.0 Metholdology

Four intact sixth grades classes participated in the study, one

control and one experimental group from zach of two socio-economic levels.

One control and treatment group were from two classes of 50 students each
in a low socioeconomic urban area of Philadelphia, Pennsylvania. (Socio-
economic Level 1). The high socioeconomic group (Socio-economic Level 2)
was made up of a control and treatment group, 32 students in each, from an
upper middle class suburban area of Philadelphia.

The treatment consisted oa 12 science inquiry film sessions and 6
discussion sessions, each session 40 minutes in length. The problem-

presen;ation sessions were based on film loops of the Inquiry Develcopment

Program in Physical Science developed by Suchman (1962). Each 3-minute

film loop depicts a single physical science problem. At the end of each
science inquiry film session the students wrote as many hypothese as they
coulc in a rigorously controlled 12-minute period. The collected papers
were then scored on two criteria: The Hypothesis Quality Scale developed
by Quinn (1971) and the Syntactic Complexity Formula developed by Botel,
Dawkins and Granowsky (1973). The Hypothesis Quality Scale is given in
Table 1.
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INSERT TABLE 1

To determine the reliability of the Hypothesis Quality Scale, a set
of 50 hypotheses taken from those written by the sixth gradelchildren in
the study were given to three science educators who assigned scores using
Quinn's scale. The Nash-Beyers (wfner 1962) computer program for inter-
Judge reliability gave an unadjusted reliability coefficient of 0.94,
establishing the reliability of the scale.

The Botel-Dawkins-Granowsky measure of syntactic complexity was
selected from among others because of the theoretical basis on which it was
established and because of the ease with which it can be used by the non-
Tinguist. The formula is derived from transformational-generative grammar
theory. Furthermore; it takes into account language development and per-
formance studies which consider the frequency of usage of structures in
children's oral and written language as well as experimental data on
children's processing of sytactic sturcturés. In applying the formula,
syntactic structures are assigned weighted scores ranging from 0 to 3.

One significant feature of the Bote]-Dawkins-GranowSky formula is that
syntactic maturity or complexity is a function of specific structures
rather than sentence length.

To determine the reliability of the Syntactic Comp]éxity Formula the
same set of 50 hypotheses used in determining the interjudge reliability
of the Hypothesis Quality Scale was given to four judges. The Nash-Beyers
computer program for interjudge reliability gave an unadjusted reliability

coefficient of 0.98.



Following each set of two film sessions, one of the investigators
conducted a discussion session which focused’on'teaching the children how
te formulate good hypotheses. During these sessicns, the investigator
Interacted with the children by asking what they observed, inferred, and

fwha; changes in physical conditions took place during the film. Both
statéments given by the children and some of the hypotheses they had

written during the film sessions were written on the blackboard. The
investigator then applied the Hypothesis Quality Scale to these statements
to show the children how to judge their own hypotheses and how to make use
of their observations and inferences to generate ones of higher quality.
Children in the treatment group consequently learned to distinguish be-
tween a O-value hypothesis as 'Magic did it' and a 5-value one, the highest
score on the scale, as 'I could test my idea by putting severl 1itt1e bottles
with different amounts of water in them in a tub ahd then seeing which ones
would sink.'

At the end of the treatment, three additional film sessions were
presented to elicit hypotheses that were scored in order to obtain the
criter1pn variable of the treatment group. The same films were presented
to the ;ontrol group to elicit hypotheses fo} the criterion variable for that
group. The hypotheses generated under these conditions provide the raw data
for the present study.

3.0 Results
Means and standard deviations for the five variables considered for the

control and treatment groups of both the upper and lower socio-economic

groups are given in Tables 2 and 3.
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Closely matched for IQ, reading comprehension and grade-point average,
the treatment and control of the upper socio-economic groups demonstrate
marked differences in hypothesis quality and written language compiexjty.
The group receivigg instruction in science focusing on prob1em-solviﬁg
situations scored considerably higher in the quality of their hypotheses

and the complexity of the language used to express those hypotheses.

Also matched for I1Q, reading comprehension, and grade-point average,
although all three variables are semewhat below those of the upper socio-
economic group, the treatment and control groups for the Tower socio-economic
groups also demonstrate considerable gains in the quality of hypotheses
formulated and in the complexity of the language used to express them.

Correlation matrices examine the reTationship betweer the quality of
hypothesis scores (HYPO), the level of synthactic complexity of the
hypotheses.(LANG) and the additional variables of reading comprehension
(READ)){Q, and grade-point average (GRA). Tabla 4 gives correlations for

the upper socio-economic control group.

Hypothesis quality and syntactic complexity of language correlate more
positively with each other than with any of the other three variables:

reading:'IQ, and grade-point average. Table 5 gives the correlation matrix

for the treatment group”of the upper socio-economic qroup.
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It can be observed from Table 5 that the highest positive correlation
is found between hypothesis quality and language development rather than
with any of the other three variables. In other words, as children learn
to formulate better hypotheses, the level of Yanguage development increses.
The slightly lower Pearson product moment 6orre1ation coefficient for the
treatment group is undoubtedly attributable to the scoring procedures used
in determining hypothesis quality and syntactic complexity. The scores of
0 through 5 for the Hypothesis Quality Scale are not equal interval scores;
the scoring procedure for syntactic compexity is open-ended. In spite of
the procedural differences in calculating hypothesis quality and syntactic
complexity, a positive correlation is evident.

Table 6 gives the correlation matrix for the lower socio-economic

control group.
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Just as for the upper socio-economic group, it can be observed that
the highest positive correlations for beth hypothesis quality and language
development occurs between these two variables rather tham with reading
comprehension, IQ, or grade-point average. Table 7 presents correlations

for the lower socio-economic treatment group.



10

The lower socio-economic treatiment group, just as the control group,
shows the highest positive correlations for both hypothesis quality and
language development occurs between these two variables rather than with
reading comprehension, IQ, or grade-point average. In other works, the
pattern observed for the upper socio-economic group is also observed for
the Tower socio-economic group.

Table 8 combines both economic groups in examining the level of
significance for correlation coefficients between hypothesjs quality

scores and those measuring levels of syntactic complexity.
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With the level of significance for correlation coefficients for
hypothesis quality with syntactic complexity at 0.001 for control and treat-
ment groups at both the upper and lower socio-economic levels, it becomes
evident that the quality of scientific hypotheses generated in problem-
solving situations is directly correlated with the complexity of the lang-
uage used in expressing those hypotheses. ‘ |

Figure 1 summarizes the findings of this study for the relationship
between gains made in hypothesis qulity scores and those for written
language sytactic complexity for the control and treatment groups of the

two socio-economic levels.

Hvpothesis quality scores are consistently higher for the treatment

groups at both socio-economic levels than those for the control groups.

The same relationship holds for the level of written language complexity.
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In both hypothesis quality and syntactic complexity, the upper socio-economic
group starts at somewhat higher levels than does the lower socio-economic
group, but both show positive correlations on both variables.

4.0 Implications

Results of a statistical correlation study of two sets of raw data,
hypothesis quality scores and syntactic complexity, for control and treat-
ment groups at each of two socio-economic levels indicate high positive
correlation between the two measures. Specifically, it was found that as
children improve in the cognitive process of hypothesizing their language
becomes syntactically more complex. This relationship occurs without any
direct effort to teach language. In other words, language development
results as a byproduct of science education. It can further be concluded
that the 1ink between the formation of scientific hypotheses and language
acquisition is cognitive development.

The implications for psychologists, science educators, linguists,
science teachers, language teachers, and elementary school teachers are
profound. Certainly the popular view that an individual who is very
succesiful in science is generally not proficient in language-centered
activities is challenged. '

If hypothesis formation is correlated with cognitive development, as
conceptualized by Piaget, for example, and cognitive development is
corre]ated‘with language acquisition, then it is possible to conclude that
hypothesis formation and language development are logically related. As
conceptual development takes place, one may expect a facilitating inter-
action between the ability to hypothesize and the level of language
development. Data from this study indicate that this interaction occurs
regardless of socio-economic levels of the child. If young children

invoived in a science activity program, making use of the inquiry or
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process approach, generate mbre complex syntactic structures, one may
expect these same children to read better, to achieve better in any larguage-
based activity than children who have not had a similar science experienca.
Reading, in other words, need not be separated out from the teaching of other
content areas in the curriculum.

An implication critical for current educationa’ concerns involves findings
of this study for bilingual education. If science education facilitates
acquisition of the first language, as this study shows, it can be assumed that
science experiences also facilitates acquisition of two languages in a bilinQual
instructional setting. Science-based acti{--ities such as those on which this
study is based provide the conditions under which language acquisition both
first and second is facilitated. High positive correlations between
hypothesis aquality and language development as those obtained in this study.
regardless of socio-economic level of the children, indicate that the same
positive correlations may be expected in a biiingual situation‘in which two
languages are under development. This is, of course, a research question.
Experimental evidence such as that obtained frc.1 the Redwood City Bilingual
ProjecE for Mexican-Americans as reported in Cohen (1975)strengthens this
position. Children in the bilingual treatmeht group appear to have developed
nonverbal reasoning powers to a degree significantly higher than that of the
control group. In other words, a bilingual approach to instruction develops
the cognitive functioning of its participants to a degree equal to or greater
than a monolingual control group.

In the Edgewood Independent School District of San Antonio, Texas, we
have developed a set of guidelines for bilingual instruction in science
through the NIE-supported Experimentai School Plan. From the findings of the

study reported in this paper it is our prediction that implementation of such
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a hA14ng4al science program will facilitate the the acquistion of two
ianﬂuages' In this case Spanish and English, for children from a low
soedi~aconomie group. The Edgewood School Plan, as the NIE project is
teryidls s concerned with bilingual education of Mexican-American
chijiren who are in various stages of development for the first and
secpd 12Nguages. The effects of science education on language develop-
meng: redardless of socio-economic level, as we have reported in this paper
givg avidence that science instruction is a crucial curriculum comoponent
in vt]fﬂgual @ducation programs, that it can play a central role in the
lanyiagé development of the participants, both in regard to the first
Ianyuage S well as the second. Clearly, further research is needed,
but &r1deNce from a study such as the one reported here supports the theory
thay, Khe development of two languages in a child increases cognitive
devylapmeNt, Which in turn facilitates further language acquisition. The
1nwh,:)/,ba'sed approach to science education we have developed for the
Edgyt od School Plan provides the types of experiences we feel are
necySWYy for the concurrent development of language to take place 1in
the ¢ 11d:

weSults of this study imply that a science curriculum which facil-
itate coNCeptual development as measured by the ability to formulate
scigntyFIC hypotheses in turn facilitates language development. Rather
than tsgach"ng the structure of a Tanguage directly, making science ex-
perigicts OF the type described in this study available tt; the Tearner
wi1l, a8 2 byproduct, provide the conditions under which language

acquirition 1s facilitated.
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TABLE 1
HYPOTHESIS QUALITY SCALE

SCORE | CRITERION

0 No EXPLANATION, SUCH AS, A NON~SENSE STATEMENT,
A QUESTION, AN OBSERVATION, A SINGLE INFERENCE
ABOUT A SINGLE CONCRETE OBJECT.

1 NoN-SCIENTJFIC EXPLANATION, SUCH AS, '...BECAUSE
IT’S MAGIC' OR '..,,BECAUSE THE MAN PUSHED A
BUTTON,

2 PARTIAL SCIENTIFIC EXPLANATION, SUCH AS

INCOMPLETE REFERENCE TO VARIABLES, A NEGATIVE
EXPLANATION, AN ANALOGY.

3 SCIENTIFIC EXPLANATION RELATING AT LEAST TWO
VARIABLES IN GENERAL OR NON-SPECIFIC TERMS.,

] PRECISE SCIENTIFIC EXPLANATION, A QUALIFICATION
AND/OR QUANTIFICATION OF THE VARIABLES,

5 XPLICIT STATEMENT OF A TEST OF AN HYPOTHESIS,
AN INFERENCE IS MADE HERE THAT THE CHILD WHG
STATES A TEST IS ALSO ABLE TO ADEQUATELY AND
PRECISELY HYPOTHESIZE. .
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TABLE 2

A TR

VARIABLE MEESNTROLSD MgisArmsgﬁ

HYPOTHESIS QUALITY 25,4 11,4 53,3  21.5
wnég;EEE§?¥$UAGE 52,6  25.4 130,0 43,5
INTELLIGENCE QUOTIENT 108.9 21,7 110,7  10.8
READING 67.2  15.8 70,1 12,0
GRADE-POINT AVERAGE 789.2 15,5 80.2 6.1
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TABLE 3

"o2R S8 9RBORBARE ARIRS

VARIABLE C | TREA
Mean 8D MEAN | SD
HYPOTHESIS QUALITY 15,7 8.7 42.8 23.5
WRITTEN LANGUAGE 36.3 15.2 83.2 41.6
COMPLEXITY

INTELLIGENCE QUOTIENT 101.2 9.4 103.1 11,7
READING 57.7 15.4 57.8 14.9

GRADE-POINT AVERAGE 77.0 8.5 77.8 7.8
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TABLE 4
LIS EOHIS TR P

HYPO LANG READ IQ GPA

HYPO 1,00 0.87 0.62 0,57 0.53

LANG 1.00 0.55 0.51 0.52
READ 1,00 0.88 0.89
19 1,00 0.95
GPA 1,00
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TABLE 5
LT O T S

HYPO LANG READ IQ GPA
HYPO 1,00 0,71 0.44 0.51 0,65
LANG 1.00 0.57 0,53 0.68
READ 1,00 0.74 0.70
1Q 1.00 0.84
GPA 1.00
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TABLE 6

T TE D E B S

HYPO LANG ~ READ IQ GPA
HYPO 1,00 0.60 0.28 0.22 0,44
LANG 1.00 0.25 0.10 0.44
READ 1,00 0.67 0.75
IQ 1.00 0.70
GPA 1,00
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TABLE 7

PO QRSB HoCR o, CERTIRNT SROUP

HYPO LANG READ

IQ

GPA

HYPO
LANG
READ
1q
6PA

1,00 0.65 0.46
1,00 0.38
1,00

0.44
0.28
0.77
1,00

0.59
0.57
0.69
0.76
1,00
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TABLE 8
LEVEL OF SIGNIFICANCE FOR CORRELATION

COEFFICIENTS
UppEr SE Lower SE
VARIABLES . ConTrOL TREATMENT  CoNTROL TREATMENT
HYPOTHESIS 0,001 0.001 0,001 ~ 0.00
WITH
LANGUAGE
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